Various aspects of the influence of the quasi-real photons and the Coulomb resonances on the formation of the crosssection of inelastic scattering of high energy electrons on atomic nuclei are investigated. E miss is the energy that disappears in the processes of knocking-on of protons in the reactions . A new hypothesis that interprets the origin of the energy losses is proposed. Specific experiments that can confirm or refute this hypothesis are proposed as well. The "regularized" cross-sections of electro-disintegration of nuclei by high-energy electrons are calculated in the framework of the nuclear shell model. It is shown that for the experimental verification of the existence of Coulomb resonances, it is necessary to investigate the processes at relatively small angles of scattering.
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Introduction: The Electro-Disintegration of Atomic Nuclei by High-Energy Electrons
Due to the relative weakness of the electromagnetic and weak interactions of electrons, positrons, muons and neutrinos with nuclei, the structure investigation of atomic nuclei in the processes of elastic and inelastic scattering of these particles on nuclei provides the most reliable information on various aspects of the structure of atomic nuclei. The above statement is based on the relatively high reliability of the information about the properties of electromagnetic and weak interactions, as well as the relatively high accuracy of the perturbation theory, in the framework of which (impulse approximation) we interpret the inelastic scattering of high-energy leptons by nuclei. The technical perfection reached at the moment in forming the monoenergetic high-energy electrons beams, as well as in registering these particles in nuclear experiment, played a decisive role in the choice of particles-projectiles as means of external influence on the atomic nucleus for studying the structure and properties of nuclei: they were certainly the high-energy electrons.
It is important to note that the structure of nuclei is investigated in this paper in the framework of the nuclear shell model (LS-coupling, independent particles). In the framework of this nuclear shell model, we will study and interpret the features of such unusual phenomena as the Coulomb resonances and the quasi-real photons in the aspect of their influence on the dynamics of electro-disintegration of nuclei. In other words, the aim of this paper is the investigation of possibilities of visualization and identification of Coulomb resonances in experimental studies of nuclear electro-disintegration.
It must be emphasized that the Coulomb resonances are the something more than merely the Coulomb resonances. First, the Coulomb resonances present a practically essential part of the quantum-mechanical theory of quasi-discrete spectrum in non-relativistic quantum mechanics [12, 25, 27] . Second, the Coulomb resonances are, first and foremost, a natural extension of the nuclear shell model to the continuous spectrum region [12, 25, 27] . Third, it is the Coulomb resonances that will provide additional and very useful insight into our understanding of gigantic dipole resonance phenomenon in the framework of the shell model [12, 25, 27] , etc. Finally, the reader may remember [12, 25, 27] that at this stage the Coulomb resonances and the quasi-real photons are investigated exclusively poorly. However, in both theory of inelastic highenergy electron scattering and theory of atomic nuclei, the Coulomb resonances and the quasi-real photons are phenomena that can manifest itself in many phenomena and experiments of nuclear physics [12, 25, 27] .
We suppose that the study of the reactions of proton knockout and neutron knockout from various atomic nuclei presents a particular interest just in the framework of the nuclear shell model. From this point on, we shall assume that the process of inelastic scattering of a high-energy electron at a nucleus is accompanied by transfer of energy ( ; and are the initial and final energies of the scattered electron), and momentum to the nucleus. and are the electron momenta before and after the act of inelastic collision of the electron and the nucleus. We also suppose that the process of inelastic collision of the electron with the nucleus in the investigated region of the kinematic variables is caused mainly by a collision of the scattered electron with a single nucleon of the nucleus. As a result of this collision, one of the nucleons of the atomic nucleus, having received the required energy in this act, overcomes the action of attractive nuclear forces and flies out from the atomic nucleus A with momentum
( )(
= and x n = in the cases of knocking out of a proton and a neutron, respectively) and energy x E E ≡ : 2 x ME = x K . Note that according to the conservation laws of momentum and energy, the exact expression for the distribution of the transferred electron energy between the nucleus ω 1 A − and the knocked-out nucleon has the following form (here and in the following [28] ): 
The new quantities appearing in Equation (1) are as follows: x l w ν is the energy required for ejection of nucleons from the xvl-shell of an infinitely heavy nucleus (the separation energy of the nuclear xvl-nucleon); A is the energy of motion of the center of mass of the target nucleus T A after its collision with the scattering electron; is the energy of relative motion of the knocked- is the reduced mass of the proton.
We point out that Equation (1) could be written in the following form as well: 
where the effective separation energy eff x l w ν is defined by the following apparent formula: 
The effective separation energy eff x l w ν in the approxi-
will be identified in the future numerical calculations with the binding energy of the nucleon x l ν ε in the nuclear shell. There is a good reason to believe that the calculations of the cross sections of nuclear electro-disintegration of heavy, medium and even light nuclei, which are performed in this approximation, will be quite acceptable for preliminary conclusions.
A nucleon knocked out from a nucleus moves in the average field of this nucleus in both the bound state and the state of continuous spectrum. In the shell model the knocked-out nucleon dynamics in the bound state is presented by the wave functions calculated in average field ; here < 0 E K Note that the wave functions of the discrete and continuous spectra are solutions of the Sturm-Liouville problem based on the non-relativistic single-particle Schrödinger equation: (6) in the latter case, the condition (6) must be re following condition:
One can recall that the vector K appearing in Equation (7) is the wave vector of the knocked-out nucleon:
The Cross Sections of the Nucleus
Electro-Disintegration om the
In this paper we restrict ourselves to those processes in which the knockout of protons and neutrons fr nuclei is associated with relatively small transfers of energy ω and momentum q from the scattered electrons to the atomic nucleus A :
In the present approxim on tera f can be quite accurately described the quasi-relaati the in ction o a relativistic electron with a non-point nucleon of the nucleus tivistic Hamiltonian of McVoy-Van Hove [1, 2] , which takes into account empirically the electromagnetic structure of the knocking-out non-point nucleon in the form of relativistic corrections. After carrying out simple calculations (perturbation theory, the impulse approximation), the cross section 
, ,
where is the proton charge, e x l N ν is the number of x -nucleons in the nuclear x l ν -shell,
1.79 1 , 
is a dimensionless, positive definite and continuous function of the vector arguments is in this function that the structural features of the interaction of the scattered relativistic electron and ocked-out nucle tonian o tially di
on in the quasi-relativistic Hamilf McVoy-Van Hove are reflected. Two essenfferent functions appearing in Equation (8) , which depend on kinematic variables of the process of the electro-disintegration of nuclei, Here and below the exclusive and inclusive cross tions of the nucleus electro-disintegration calculate the plane-wave approximation will be labeled, if necessary, in the graphs, tables and formulas by the symbol 0, an of secd in d the similar values calculated with taking into account the interaction of the knocked-out nucleon in the final state will be labeled by the symbol d. Formula (8) specifies the initial exclusive cross section of electro-disintegration of the atomic nucleus. Experimental verification of (8) requires fairly laborious experiments in which both the inelastically scattered electron and the knocked-out proton are simultaneously registered or identified. At the moment, a large number of less laborious experiments are realized. In these experiments one investigates the energy distributions of inelastically scattered electrons at certain scattering angles and initial energies of the scattered electrons.
There are carefully developed methodologies taking into account the inelastically scattered electrons that have lost their energy in a variety of quantum-electro-dynamical [28, 30] processes such as bremsstrahlung, birth electron-positron pairs, etc. If we subtract these electrons from other scattered ones, we obtain the inclusive cross section ( ) , σ ω θ′ of inelastic scattering of highenergy electrons in the process of collisions of ultrarelativistic electrons and nuclei: 
ing the reaction ( )( ) 
These integrals determine the distorted momentum distributions (Equation (14)) of nucleons in the filled xvl-shells of atomic nuclei. The deductions an sions of this paper depend strongly on the numerical values of the calculated electro-disintegration cross sectio of nuclear forces is rest the knocked-out nucleon m d concluns of various nuclei. Because of this, the reliability and correctness [33] of applied numerical methods of the electro-disintegration cross-section calculation will be discussed in Appendix A in detail.
Note that the electro-disintegration processes of nuclei are relatively easy interpreted in the approximation presented below by the quantum-electro-dynamical Feynman diagram of second order.
If we suppose that the range ricted then we can assert that the wave function of the knocked-out ( )
nucleon [29] has the asymptotic form given by Equation (7) . The condition (7) mentioned above once more affirms that oving in the region of the residual nucleus ( ) 1 A − scatter itself elastically on this one.
These processes of the nucleus electro-disintegration are presented on the above Feynman diagram. On this diagram, we can distinguish the initial electron with 4-momentum k k μ ≡ , which acquires the status of scattered electron a ( )
with the residua rese ≡ ts is p after emission of a virtual photon. The virtual photon q is absorbed by one of the nucleons of the target nucleus and provokes the ejection of this nucleon from the nucleus. The knocked-out nucleon interac l nucleus in the final state. This interaction nted on the diagram by a hypothetical exchange meson with 4-momentum π .
In this paper we estimate the dependence of the socalled χ-sections (see Equation (35) ) of nuclear electrodisintegration from the processes represented below by the sum of Feynman diagrams of higher order:
In these diagrams we see new additional participants of the more comprehensive theoretical interpretation of the inelastic scattering of high-energy electrons on nuclei.
First and foremost, it is a quasi-real ( ) ful to remind once again that 4-vertex quantum-electro-dynamical processes (diag.2a, diag.2b) become apparent only in the case when in both diagram g.2b) and in, at least, one of two left vertex of each diagram the electron emits a quasi-real photon 0 q ( 0 θ ′ = , "0-0"-scattering). It is the quasi-real photon 0 q that, as we will see subsequently, is capable to excite with high probability the Coulomb resonance in the atomic nucleus.
It is necessary to note that the nucleon knocked out from the nucleus A an participate in the processes of inelastic scattering on th residual ( )
nucleus. For example, this nucleon can spend a part of its energy for the excitation of the discrete state of the res c e idual nucleus. C c ng int is olliding with another nucleon of the residual nucleus, the knocked-out nu leon is capable to increase the number of knocked-out nucleons. Taki o account the process of inelastic scattering of the knocked-out nucleon on the residual nucleus can essentially complicate the interpretation of the electro-disintegration processes in the coincidence experiments.
Quasi-Discrete Spectra of Atomic Nuclei
Let us calculate the cross sections (8) and (16) 
where:
is the Heaviside unit function; The second term is the lon lomb potential:
The wave functions of continuous spectrum can be obtained in the form of the following series: (7) determines the asymptotic behavior of the radial functions
It is useful to remind [31] that the asymptotic behavior of the wave functions of continuous s rum 
mb pa is the Coulo rameter. If , then 
Simple mathematical analysis of the amplitude expression
in Equation (28) [12] leads to the fol One can determine the energies of the Coul ances low-
and the half-width 
Direct mathematical analysis of the expression (28) 
, the mentioned strong inequality relaxes to a more delicate inequality:
he Coul he status of incipient resonanc apparent when one calculates spectra of inelastically peaks of resonances have moderate heights and rather large half-widths
In ) of quasi-discrete levels of some atomic nuclei in Table 1 . It is important to keep in mind that these characteristics can depend essentially [12, 27] Fm. This simplification does not influence onclusions of this paper. Note also that the analysis of the quasi-discrete spectra (jj-coupling) of the light, medium and heavy nuclei permits to affirm that the nucleus quasi-discrete spectrum is the natural extension of the nuclear shell structure to the continuous spectrum region. For this reason, the experind theoret estigations of quasi-discrete spectra properties in ( )( ) , 1 A e e p A ′ − -kn ns of protons are, at the same time, investigations of the nuclear shell model.
The Cross-Sections of Excitation of Coulomb Resonances
It is well known [12,13,1 heoretical investigations of the inelastic scattering of high-energy electrons predict the resonance structure of inclusive (Equation (9) It is worth noting that the absence of inter-compensative relation between the increase of height of any peak and the decrease of its half-width would mean the existence of res oss sec by qu ion eso nce c o etation of processes of nuclei electro-disintegration in the framework of the nuclear shell model. However, we will see that a correlation of high order between the increase (decrease) of the height of Coulomb resonance and the "adequate" decrease (increase) of the half-width height and half-width of Coulomb resonances, as we will see below.
Let us consider an example of the influence of socalled quasi-real photons [25, 27] on the scattering of ( )
high energy electrons on nuclei. Let us recall that the quasi-real photons are the result of such collision of a high energy electron and en the direction of movement of the electron is practically unchanged after it ( 0 θ ′ = , "0-0" -scattering):
transmitted at such a frontal collision and the value of the transmitted momentum ′ = − q k k (the energy and momentum of the quasi-real photon 0= on the Feynman diagrams (the diag.2a and diag.2b)) are approximately equal. Let us recall also [25, 27] MeV. It follows from the data of Au for two initial energies of scattered electrons: ε = 2020 MeV and ε = 3365 MeV. The results of Table 4 We would like to attract attention the fact that the inclusive cross-sections Coulomb resonances undergo essential changes too. Table 5 gives an answer to this question.
In Table 5 present the calculated functional dence of the most important specific cross-sections 
The Inc ( )
, ′ σ ω θ
and the Coulomb Resonances
One of the top-priority tasks of this paper is to study the manifestation of Coulomb and centrifugal resonances in experiments on inelastic scattering of high-energy electrons. In particular, it is of interest to investigate the possibilities to disclose and identify Coulomb and centrifugal resonances in the spectra of high-energy electrons inelastically scattered on various atomic nuclei.
Comparing the Coulomb resonances and the quasielastic peaks, one can state that the ha theoretically calculated peaks of Coulom tr gal resonances are, as a rule, considerab n t lf-widths of the calculated quasi-elasti same time, the height of a Coulomb resonance peak is significantly larger than the height of a quasi-elastic peak. For convenience, such peaks of ( ) , σ ω θ′ should be "cut off" on the plots of ( ) , σ ω θ′ versus transmitted energy ω. For this reason, we lose clarity and important information about the observability of Coulomb resonances in the measured spectra of inelastically ectrons. Taking the logarithm of that function adds very little information since the microscopical half-width of a Coulomb resonance can hardly be represented on the plot.
In order to investigate the possibility of detection of Coulomb resonances in physical experiment, one should ( ) , σ ω θ′ 
It is necessary to note that the proposed above regularization practically does not change the fu regions of its smooth variation. In this co 
This "regularized" cross-section has resonant form in the area of Coulomb resona e quasi-elastic peak. Our further conclusions will n the assumption that we have only one i ( ) ( ) (Figure 1) . One can see from the pres , using the kinematics [15] , one cannot observe the Cou- , it is necessary to carry out more thorough experimental measurements in the spectral region of interest, having essentially reduced the step of the argument ω Δ . It is worth noting that the height of the regularized resonance peak on the graphs of V ) giving the highest accuracy were used, as a rule, in our calculations. The half-width γ 12 of a Coulomb resonance essentially increases (see Table 3 ) with a decrease of the depth of the Woods-Saxon potential. In this case the theoretically calculated Coulomb resonance 12 NL = is widened so much that its half-width can considerably exceed the spectral energy gap of the spectrometer 2 x E Δ . In this case the height of inci ient Coulomb resonance decreases and this resonance can be identified directly in spectra of inelastically scattered electrons. , Al, i, Au . The kinematics of the experiments is borrowed from [20] .
Analysing the calculated ( ) (ω, θ') of inelastic scattering of high-energy electrons on nuclei 27 Al, 24 Mg, 40 Ca, moreover the conclusions from such comparison are impossible at the moment. The reason is that experimental data and theoretical investigations are practically absent for the declared above range of transmitted energies.
Quasielastic Peaks and Orthogonality of Wave Functions
The interpretation of inelastic scattering of high-energy electrons and the reaction ) considered here in the frames of nu l, despite of simplicity, remains self-consistent quantum-mechanical problem in the theory of nuclei. The main reason and decisive argument for this statement is such well-known property as the mutual orthogonality of the wave functions [7] of discrete and continuous, including the quasidiscrete, spectra. Notice that the term "orthogonal functions" in aspect of interpretation of processes of electro-disintegration of nuclei by the high-energy electrons was unambiguously used in [7] . In addition to stated in [7] one may note that it is very difficult to imagine quantum-mechanical theory of quantum transitions as well as based on it theory of inelastic scattering withou m- (14))). It is more than appropriate mention here that the latter one is determined by overlap integral:
, e x p d Taking into consideration the formula cited above, in an early stage of our analysis let us suppose that 0 = q . Therefore, ( )
. Then, due to the orthogonality condition of the wave functions of discrete and continuous spectra, Let us recall that the expression for the cross-section ( ) , σ ω θ′ has dimensionless factor ( ) , P ′ k k that, as it well known [25, 27] , is large in the mentioned above region. Just the function ( ) , P ′ k k due to nonorthogonality of out nucleon in the final state, see Figure 4 . Note that after some doubts and speculations the reader cannot disturb himself and fear of unusual units (Gb, Tb) that appear at the Figure 4 . These units will be usual and natural units in the near future.
The plane-wave cross-sections have huge, nonphysical magnitudes in the region of the quasi-elastic peak. This fact is a convincing proof of the necessity of taking into account the interaction of the knocked-out nucleon with the residual nucleus in the final state.
Coulomb Resonances, Quasi-Real Photons and χ-Experiments
In this section we will attempt to interpret some new aspects of experiments on investigation of exclusive crosssections [10, 15, 23] basing on the results above. These new cross-sections
depend on the energy lost in processes of scattering and re-scattering inelastically scattered electron and the knocked-ou gh-energy proton in the initial and final states. In su eriments one fixes the cases of simultaneous regi of scattered electron with the energy and knoc proton with the energy MeV). [15, 16] of the with the residual nucleus in the finite state. Note that in this case we suppose that the probability of inelastic re-scattering of the weakly interacting high-energy electron on nucleons of the residual nucleus or another nucleus of the target is negligible.
Let us suppose that one of the protons of an upper shell of the nucleus receives the energy after an act of collision with a high-energ This proton with the energy ω ε ε′ = − y electron. may be interpreted as the result of nomena listed below. These phenomteraction of the knocked-out proton 1 A − in the final state [15, 16] , which is accompanied by excitation of this nucleus; the knocking-out of protons out of deeper filled nuclear shells; losses of energy of the scattered electron in initial state; accidental coincidences that are caused by the existence of intensive background of protons, the source of which is [25] the scattering of high-energy electrons caused by quasi-real photons; the dispersion of the initial energies of scattered electrons in the incident beams; etc.
At the initial stage of investigations it is reasonable to look for the cause of additional energy losses 25, 27] and in above-presented calculations of the cross-sections of the excitation of Coulomb resonances. In other words, the hypothesis mentioned above is undoubtedly based on the processes that are introduced to our theory by the Coulomb resona photons. It is worth noting that the experiment can verify or refute this hypothesis, but in both cases we will reve equally important info In order to confirm or to refute the hypothesis presented above, we suggest the modification of experiments [10, 15, 23] [15] , which was proposed above, may be diversified and complicated, for ickness of the additional target on the entry slit of the electron/proton spectrometer or by choosing another sort of nuclei for the additional target. At the moment, a more detailed analysis of such variations is, at least, premature.
Finally, we can conclude that the investigat stic scattering of high-energy electrons and, particularly, the experimental study of Coulomb resona quasireal photons is of general theoretical importance, especially, for quantum nonrel chanics.
Conclusions
The main results of present paper can be summ and briefly stated in the following way:
• Coulomb resonances are the direct theoretical prolongation of the nuclear shell structure to the continuous spectrum region. In the framework of the oneparticle(!) theory of Coulomb resonances one can readily explain many features of such well-known phenomenon as dipole (quadrupol, octopol,...) giant resonance. It is a real possibility to interpret the phenomenon of dipole giant resonance as real experimental confirmation of existence of the Coulomb resonances in the atomic nuclei. The brief theory of Coulomb resonances and calculated quasi-discrete spectra of some atomic nuclei are presented in Sections 2 and 3.
• The regularized cross sections calculated in this paper convince of the theoretical possibility of direct manifestation of Coulomb resonances in the spectra of inelastically scattered high energy electrons. T presented calculations allow us to suggest the best kinematic con tions for observation of such manifestation: nitial energies of high energy electrons, ε ≈ 300 -500 MeV; -electron scattering angles, 10 25 θ ′ ≈ − degrees. The necessary condition for such manifestation is substantially painstaking measurement of cross sections of inelastic scattering of igh energy electrons with high n in the region of transmitted energy, 5 MeV ≤ ω ≤ 60 MeV (Section 3).
• To emphasize the significance of the wave functions orthogonality (both initial and fin s of nuclei) one may investigate the scattering o electrons at very small angles 1 θ ′  (Section 4).
• The main kinematic peculiarity of virtual quasi-real photons is the approximate equality of their quasimomentum q and energy ω : 
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>0
Ax V r E = ∀ in the subroutine solving the radial Schrödinger Equation (24) . One way to do this is to put 0 0 We have considered two tests that substantially raise the reliability of final results of our computer program. Let us suppose that we deal with large mass numbe r A and large energy of the knocked-on proton. It structive to mention about one more mathematical trick [8] , which in this case improves the convergence of series appearing in calculations of the distorted momentum distributions. One can represent the overlap integral Equation (11) in the following form:
Finally,
We calculate the first term of Equation (A13) with a e in Equation (A6) but with su ou ap method as rational as possible, for instance, like in Equations (A3)-(A11). As to the second term, we calculate it with the help of series lik E is inbstantially improved convergence. For this purpose, one needs to perform the following substitution in Equation (A6):
